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This article is devoted to the study of high dense charged anisotropic compact structures in the
framework of f(R, T ) gravity theory. The principal aims of this investigation, regard the extension
of the isotropic Durgapal-Fuloria model within the context of charged isotropic f(R, T ) solutions.
The second main goal of this work is to apply the gravitational decoupling via a minimal geometric
deformation (MGD) scheme in f(R, T ) gravity. Finally, the third one is to derive an anisotropic
version of the charged isotropic model previously obtained applying gravitational decoupling. This
MGD approach splits the system of equations into two separate sets, one corresponding with the
f(R,T ) gravity system solved by the seed solution using a particular form of the function f(R,T ),
specifically f(R, T ) = R + 2χT where χ is a dimensionless parameter and another correspond-
ing to the anisotropic sector governed by the extra source θµν . Moreover, the energy-momentum
tensor associated with f(R,T ) gravity and the corresponding one to the θµν sector is separately
conserved. Finally, an exhaustive mathematical, physical and graphical analysis is performed for
the obtained charged anisotropic solution in order to show all the properties that characterize the
compact structure. It is worth mentioning that when χ = 0 Einstein’s gravity theory results are
recovered.
I. INTRODUCTION
Despite the fruitful understanding that general relativ-
ity (GR) theory has given us about the evolution of the
Universe and its hidden secrets, the presence of dark com-
ponents ı.e. dark matter and dark energy, introduce some
challenges to this beautiful theory. In fact, GR predicts
that a Universe dominated by radiation or matter accel-
erates in a negative way due to gravitational attraction.
However, at present several astronomical observations re-
veal that the Universe is expanding in an accelerated way
[1–15]. Therefore, it suggests that GR theory needs to
be modified in order to explain this phenomenon which
is caused by dark energy. Since the pioneering work by
Starobinsky [16] on cosmic inflation in the framework
of f(R) gravity (here R is the Ricci scalar), It has be-
come an active field of research. Essentially this theory
modifies the usual Einstein-Hilbert (EH) action by the in-
troduction of a function f(R) which can contain high or-
der derivative terms (Lorentz invariance terms) e.g. R2,
RµνR
µν , etc. This modifies only the geometrical sector,
allowing in principle address the presence of dark com-
ponents as purely geometrical effects. Actually, Modified
gravity theories (MGTs) have become an active research
area in the cosmological scenario. Taking into account
these issues, Qadir et al. [17] reinforced the requirement
of the modified relativistic dynamics and indicated that
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this modification may help to settle down the problems
related to dark matter and quantum gravity. The most
MGTs are the mentioned f(R) [18–21], f(R, T ) [22–25]
(T is the trace of energy-momentum tensor), f(G) [26]
(G is the Gauss-Bonnet term) and f(R,T , RµνT µν) grav-
ity [27–30]. In recent times, Nojiri et al. [31] presented
many mathematical techniques to understand the prob-
lems of cosmos regarding the bouncing cosmos. They
argued that gravity mediated by f(R) and f(G) theories
could be used to understand several hidden secrets of
our universe. Many cosmological applications were dis-
cussed in the context of f(R,T ) theory [32–38]. Some of
them are the non-static line element for collapsing of a
spherical body having anisotropic fluid [39], the static
spherical wormhole solutions found in [40, 41]. More-
over, perturbation techniques were used in the study of
spherical stars [42]. The effects on gravitational lensing
due to f(R,T ) gravity were discussed in [43]. Baffou et al.
[44] employed perturbation on de-Sitter space-time and
power-law models in order to explore some cosmic viabil-
ity bounds. Currently, great interest has been the study
of the existence of collapsed structures within the frame-
work of these MGTs [45–48]. As was pointed out before,
f(R, T ) gravity theory has been considered as the most
promising one in cosmological applications. Proposed by
Harko et.al. [22] this theory regards different forms of
the function f(R, T ) and can be seen as a generalization
of the f(R) gravity, where the introduction of the trace of
the energy-momentum tensor would come from the con-
sideration of quantum effects. In recent years this theory
has been employed in the study of collapsed structures
2such as neutron and quark stars. Moraes et.al. [49] ob-
tained for the first time the Tolman-Oppenheimer-Volkoff
(TOV) equation, which describes the equilibrium of the
compact objects. The research in the arena of compact
structures within the framework of f(R, T ) gravity, con-
cerns isotropic, anisotropic and charged fluids [50–52].
It is well known that anisotropic fluids i.e. unequal ra-
dial and tangential pressure (pr 6= pt) represent a more
realistic scenario form the astrophysical point of view.
Abandon the isotropy condition gives rise an intriguing
phenomenon inside the stellar interior e.g. when pt > pr
the system experiences a repulsive force that counteracts
the gravitational gradient (attractive otherwise), which
allows the construction of more compact and massive ob-
jects [53], increasing value of the surface redshift [54, 55]
which is an important quantity that relates the mass and
the radius of the star, improvement of system stability,
etc. On the other hand, the inclusion of electric charge
also helps to enhance many features of the stars. Ivanov
[56] argued that when an isotropic fluid sphere is not
well behaved from the physical point of view, the pres-
ence of electric charge introduces some ingredients that
improve the system behavior e.g. due to the repulsive
Coulomb force the system is under a repulsive force that
counterbalances the gravitational one (the same like in
the case of positive anisotropy factor ∆ ≡ pt − pr > 0 ),
then the equilibrium of the system is enhanced, another
important feature is related to the energy density associ-
ated with the electric field, which has a significant role in
producing the gravitational mass of the object. The in-
clusion of anisotropies and charge in stellar interiors has
a long history, Ruderman [57] theoretical works are con-
sidered as the cornerstone by subsequences investigation
[58–71] in this direction. As Mak and Harko have argued
[72], anisotropy can arise in different contexts such as
the existence of a solid core or by the presence of type
3A superfluid [73], pion condensation [74] or different
kinds of phase transitions [75]. Respect to the inclusion
of electric charge Bonnors [76] pioneering work opened
the door to this interesting research area.
At present, several papers available in the litera-
ture address the study of compact objects describing
anisotropic matter distributions [77] (and references con-
tained therein). Recently, a simpler but powerful mecha-
nism developed by Ovalle and his collaborators to intro-
duce anisotropic behavior in the stellar matter [78, 79],
has been proved to be a versatile method. Originally, this
method was developed to deform Schwarzschild’s space-
time [80, 81] in the Randall-Sundrum brane-world sce-
nario [82, 83]. This method is known as gravitational
decoupling by a minimal geometric deformation (MGD)
approach. Basically, this scheme works taken a spheri-
cally symmetric isotropic solution to Einstein field equa-
tions to which is added an extra source as follows
Tµν = T˜νµ + βθµν (1)
where T˜µν represents a perfect fluid energy-momentum
tensor, β is a dimensionless constant and the new source
θ contains new fields like a scalar, vector or tensor fields.
The complete set of equations to solve with the presence
of this extra source is not an easy task. To tackle it, a
deformation is performed on the metric potentials (MGD
corresponds to deform only one of them) as follows
e−λ(r) 7→ ξ(r) + βf(r), (2)
where f(r) is the deformation function (for a more de-
tailed discussion see sec. 2 and references [84–90]).
This deformation allows splitting the system of the equa-
tion into two decoupled sets, one corresponding to the
isotropic sector and the second one corresponding to the
theta sector. The first system is satisfied by an isotropic
solution of Einstein equations, while theta-system is
solved imposing some restrictions on the theta compo-
nents or some adequate expression for the deformation
function f(r). Some recent applications of this method
in different contexts such as: extending isotropic solu-
tions of Einstein fields equations to anisotropic domains
[91–95], charged anisotropic fluid spheres [96, 97], cloud
of strings [98], cylindrical symmetry [99], black holes in
3 + 1 and 2 + 1 dimensions [100–102], the inverse prob-
lem [103], interior solution in 2 + 1 dimensions [104]
and in the framework of higher dimensional [105] and
modified gravity theories f(G) [106] and f(R) [107], can
be found. Moreover, the method was extended including
deformation over both metric functions [108, 109]. This
scheme work has two main results, the first one has de-
coupled the general system of equations in two much sim-
pler ones to solve and the second one is the conservation
law (Bianchi identities) associated with each source must
be conserved separately, which means that only gravita-
tional interaction exists. Following this direction, in this
paper, we extend the gravitational decoupling via MGD
within the framework of f(R, T ) which can be considered
as a more well-established theory to explore the forma-
tion of relativistic charged anisotropic compact stellar
objects. Its achieved taking an specific form of the func-
tion f(R, T ) = R + 2χT . This choice allows to us split
the general system of equation in a simple way taking a
suitable form of the deformation function f(r) and more-
over fulfill Bianchis identities for each source, i.e. vanish
covariant divergence of the stress-energy tensor. The ar-
ticle is organized as follows, in Sec. II has developed the
gravitational decoupling method through a minimal ge-
ometric deformation approach within the framework of
f(R, T ) gravity, next in Sec. III the main field equation
for charged anisotropic matter distribution is presented.
In Sec. IV the full model is obtained, Sec. V presents the
necessary and sufficient set of equations in order to de-
termine all the constant parameters that characterize the
solution. To do so, the junction condition between the
interior geometry and the exterior space-time described
by Reissner-Nordstro¨m metric is performed. Secs. VI
and VII are analyzed the main physical quantities such
as effective density, effective radial and tangential pres-
sure, anisotropy factor, electric field, and the equilibrium
and stability conditions, respectively. Furthermore, the
3effect of the different parameters on the principal system
quantities is discussed. Sec. VIII discusses the behaviour
of mass-radius ratio relation and its implications on the
surface redshift, Sec. IX talks over the energy conditions
and the necessary constraints on the energy-momentum
tensor that describe the matter contained within the star.
Finally, in Sec. X some conclusions of the reported study
are given.
II. GRAVITATIONAL DECOUPLING f(R, T )
GRAVITY FORMULATION
The starting point, is the integral action given by
S =
1
16pi
∫
f(R, T )√−gd4x+
∫
Lm
√−gd4x
+β
∫
LX
√−gd4x+
∫
Le
√−gd4x, (3)
where relativistic geometrized units were employed i.e
c = G = 1. Here, f(R, T ) is an arbitrary function of the
Ricci scalar R and the trace T of the energy-momentum
tensor Tµν , standing Lm the Lagrangian density matter
fields, LX the Lagrangian density of a new sector, not
necessarily described by general relativity and Le the La-
grangian electromagnetic field. This new sector can be
seen as corrections to general relativity and can be inter-
preted as part of an effective energy-momentum tensor.
Variation respect to the metric tensor gµν yields the fol-
lowing field equation
(Rµν −∇µ∇ν) fR(R, T ) +fR(R, T )gµν − 1
2
f(R, T )gµν
= 8pi (Tµν + βθµν)− fT (R, T ) (Tµν +Θµν) + 8 piEµ ν (4)
where fR(R, T ) denote the partial derivative of
f(R, T ) with respect to R while fT (R, T ) is the partial
derivative of f(R, T ) with respect to T . Rµν is the Ricci
tensor,
 ≡ ∂µ(√−ggµν∂ν)/√−g is the D’Alambert operator,
and ∇µ represents the covariant derivative which is asso-
ciated with the Levi-Civita connection of metric tensor
gµν .
The stress energy tensor Tµν , electromagnetic tensor
Eµ ν , the extra source θµν and Θµν are defined as follow,
Tµν = gµνLm − 2∂Lm/∂gµν, (5)
Eµν = −gµνLe + 2∂Le/∂gµν, (6)
θµν = gµνLX − 2∂LX/∂gµν, (7)
Θµν = g
ββδTββ / δg
µν . (8)
The equation (4) can be rearranged as follows
Gµν =
1
fR(R,T )
[
8pi (Tµν + βθµν) +
1
2 (f (R, T )−RfR (R, T )) gµν
− (Tµν +Θµν) fT (R, T )− (gµν−∇ν∇µ) fR (R, T ) + 8 pi Eµ ν
]
.(9)
where Gµν corresponds to Einstein tensor. The corre-
sponding conservation equation reads
∇µTµν = fT (R, T )
8pi − fT (R, T )
[
(Tµν +Θµν)∇µ ln fT (R, T )
+∇µΘµν − 1
2
gµν∇µT − 8pi
fT (R, T )
(
β∇µθµν +∇µEµ ν
)]
.(10)
The equation (10) shows that the stress-energy mo-
mentum tensor Tµν in f(R, T ) gravity is not conserved,
as in other theories of gravity. On the other hand, in the
present study we are choosing the energy-momentum ten-
sor Tµν for the isotropic matter distribution of the form,
Tµν = (ρ+ p)uµuν − pgµν (11)
and corresponding electromagnetic field tensor is given
as
Eµν =
1
4pi
(−Fmµ Fν m +
1
4
gµνFγ nF
γ n) (12)
where uν is the four velocity, satisfying uµu
µ = −1
and uν∇µuµ = 0. Here, ρ is matter density and p the
isotropic pressure, respectively.
The anti-symmetric electromagnetic field tensor Fµν in
Eq. (12) is defined as
Fµν = ∇µAν −∇ν Aµ (13)
which satisfies the Maxwell equations,
Fµν,γ + Fνγ,µ + Fγµ,ν = 0 (14)
and
F ik; k = 4pi J i (15)
where, the electromagnetic four current vector ji is de-
fined as
J i =
σ√
g44
dxi
dx4
= σ vi, (16)
with charge density σ = eν/2 J0(r). For static matter
distribution the only non-zero component of the four-
current is J4. Because of spherical symmetry, the four-
current component is only a function of radial distance, r
. The only non-vanishing components of electromagnetic
field tensor are F 41 and F 14, related by F 41 = −F 14,
which describe the radial component of the electric field.
From Eqs. (15) and (16), one obtains the following ex-
pression for the component of the electric field,
F 41 = −F 14 = q
r2
e−(ν+λ)/2 (17)
The q(r) describes the effective charge contained within
the sphere of radius r , then it can be defined by the
relativistic Gauss law and corresponding electric field E
as,
q(r) = 4 pi
∫ r
0
σ r2 eλ/2dr = r2
√
−F14 F 14 (18)
E2 = −F14 F 14 = q
2
r4
(19)
4In our study we will consider throughout the La-
grangian matter Lm = −p. Then for Θµν , we obtain
Θµν = −2Tµν − pgµν .
In order to determine the effective stress-energy mo-
mentum tensor for modified theory of gravity we choose
the linear functional form of f(R, T ) as follows
f(R, T ) = R+ 2χT , (20)
where χ is a coupling constant. The above linear
functional has been used successfully in other different
f(R, T ) gravity models. By plugging the value f(R, T )
from Eq. (20) in Eq. (9) we obtain
Gµν = 8pi (Tµν + βθµν) + χT gµν + 2χ(Tµν + pgµν)
+8piEµν = 8piT
eff
µν + 8piEµν . (21)
Here Gµν and Eµν represent the Einstein tensor and
electromagnetic tensor respectively while Tµν denotes
the energy momentum tensor corresponding to perfect
fluid distribution. Here effective energy-momentum ten-
sor T effµν is combination of energy-momentum tensor due
to the matter geometry coupling χ and extra source ten-
sor θµν (which generates the anisotropy in T
eff
µν ) which
can be written as
T (eff)µν = T˜µν + β θµν (22)
where,
T˜µν = Tµν
(
1 +
χ
4pi
)
+
χ
8pi
(T + 2p)gµν . (23)
It is note that Tµν is energy momentum tensor corre-
sponds to stress energy tensor which is given by Eq. (11).
By inserting the value of f(R, T ) = R + 2χT in Eq.(10)
we get
∇µTµν = − 1
2 (4pi + χ)
χ
[
gµν∇µT + 2∇µ(pgµν)
+β
8pi
χ
∇µθµν + 8pi
χ
∇µEµν
]
. (24)
By using the Eqs.(22) and (24) we can write,
∇µT (eff)µν = 0 (25)
On the other hand we define the effective tensor T
(eff)
µν
for anisotropic matter distribution as
T (eff)µν = (ρ
eff + pefft )uµuν + (p
eff
r − pefft )vµvν
−pefft gµν . (26)
Where ρeff , peffr and p
eff
t represent the effective den-
sity, the effective radial pressure and the effective tan-
gential pressure respectively. whereas uµ and vν denote
four-velocity and radial four-vector, respectively.
III. MAIN EQUATIONS FOR CHARGED
ANISOTROPIC MATTER DISTRIBUTIONS
Let us consider the spacetime being static and spheri-
cally symmetric, which describes the interior of the object
can be written in the following form
ds2 = eν(r) dt2 − eλ(r)dr2 + r2(dθ2 − sin2 θ dφ2), (27)
Since the effective energy tensor T
(eff)
µν involves the ex-
tra source θµν which will clearly generates the anisotropic
pressure within the effective matter distribution. Hence,
using Using Eqs. (21) and together with line element
(27) we determine the Einstein-Maxwell field equations
for the spherically symmetric charged anisotropic stellar
system as
8pi ρeff +
q2
r4
=
1
r2
− e−λ
(
1
r2
− λ
′
r
)
(28)
8pi peffr −
q2
r4
= − 1
r2
+ e−λ
(
1
r2
+
ν′
r
)
(29)
8pi pefft +
q2
r4
=
1
4
e−λ
(
2ν′′ + ν′2 − λ′ν′ + 2ν
′ − λ′
r
)
.(30)
The primes denote differentiation with respect to the ra-
dial coordinate r. Using the Eqs.(22) and (23) the ef-
fective quantities like effective density (ρeff ), effective
radial pressure (peffr ) and effective tangential pressure
(pefft ) can be written in terms of isotropic pressure (p),
density (ρ) for isotropic matter distribution and θ com-
ponents as,
ρeff = ρ˜+ β θ00 (31)
peffr = p˜− β θ11 (32)
pefft = p˜− β θ22, (33)
where,
ρ˜ = ρ+
χ
8 pi
(3ρ− p), (34)
p˜ = p− χ
8 pi
(ρ− 3p) (35)
The presence of the θ-term in above system clearly
introduce an anisotropy if θ11 6= θ22 . Thus the effective
anisotropy is defined as
∆eff ≡ pefft − peffr = β
(
θ11 − θ22
)
. (36)
IV. SOLUTION OF EINSTEIN-MAXWELL
FIELD EQUATIONS VIA GRAVITATIONAL
DECOUPLING APPROACH:
Solve the system of equations (28)-(30) is not an easy
task. In order to tackle it we will employ the gravitational
decoupling via the MGD approach. This method consists
5in deforming the metric potentials eν(r) and eλ(r) through
a linear mapping given by
eν(r) 7→ eν(r) + βh(r) (37)
e−λ(r) 7→ ξ(r) + βf(r), (38)
where h(r) and f(r) are the corresponding deformations.
It’s worth mentioning that the foregoing deformations are
purely radial functions, this feature ensures the spherical
symmetry of the solution. The so called MGD corre-
sponds to set h(r) = 0 or f(r) = 0, in this case the
deformation will be done only on the radial component,
remaining the temporal one unchanged (it corresponds
to set h(r) = 0). Then the anisotropic sector θµν is ef-
fectively contained in the radial deformation (38). By
inserting Eq. (38) into the system of equations (28)-(30)
and using decoupled systems of equations (31)-(33). The
first set of equations corresponds to β = 0, it means
charged perfect fluid matter distribution, as
8 pi ρ˜+
q2
r4
=
[
1
r2
− ξ
r2
− ξ
′
r
]
(39)
8 pi p˜− q
2
r4
=
[
ξ
(
1
r2
+
ν′
r
)
− 1
r2
]
(40)
8 pi p˜+
q2
r4
=
[
ξ
4
(
2ν′′ + ν′2 + 2
ν′
r
)
+
ξ′
4
(
ν′ +
2
r
)]
.(41)
along with the conservation equation
∇µTµν = −χ2 (4pi+χ)
[
gµν∇µT + 2∇µ(pgµν) + 8piχ ∇µEµν
]
. (42)
The other set of equations corresponds to the θ sector
as,
8piθ00 = −
f
r2
− f
′
r
(43)
8piθ11 = −f
(
1
r2
+
ν′
r
)
(44)
8piθ22 = −
f
4
(
2ν′′ + ν′2 + 2
ν′
r
)
− f
′
4
(
ν′ +
2
r
)
. (45)
The corresponding conservation equation ∇νθµν = 0
yields to
(
θ11
)′ − ν′
2
(
θ00 − θ11
)− 2
r
(
θ22 − θ11
)
= 0, (46)
This expression is a linear combination of the quasi-
Einstein equations. At this point it is remarkable to
note that both the isotropic charged and the anisotropic
sectors θµν are individually conserved, it means that
both systems interact only gravitationally.
A. Solution of Einstein-Maxwell field Equations
(39)- (41) in f(R, T ) gravity:
In order to solve the Equation (39), (40) and (41), we
use the isotropy condition in Eqs. (40) and (41) which
gives the second order differential equation as,
ξ
(
ν′′
2
+
ν′2
4
− ν
′
2 r
− 1
r2
)
+
ξ′ν′
4
+
2 ξ′
r
− 1
r2
=
2q2
r4
(47)
The above equation having three unknown ν, ξ and q
2
r4 .
In order to obtain a general solution of above Eq.(47)
in f(R, T ) gravity, we take the anstaz of gravitational
potential ξ due to Durgapal-flouria [110] as
ξ =
7− 10Ar2 −A2 r4
7 + 14Ar2 + 7A2 r4
(48)
where A is a positive constant. We note that the ansatz
for the gravitational potential grr, given by (48), was
discovered by Durgapal-flouria [110] to construct a phys-
ically viable relativistic perfect fluid solution for super-
dense star model. The selection of this gravitational
potential grr is physically well motivated (especially as
the energy density must be non-singular positive and de-
creasing outward). In the past, this potential (48) has
been used to develop a viable stellar model for charged
and anisotropic matter distribution in General Relativ-
ity. Moreover, the above the gravitational potential (48)
is also free from a singularity, positive and finite at center
r = 0 of a stellar model and increasing monotonically to-
wards the boundary of the stellar model. It is note that
if electric charge q = 0 then ν = 4 ln(1 + Ar2) will be a
particular solution of Eq.(47) for isotropic matter distri-
bution. By keeping this point in our mind, we construct
the expression for the electric charge function q of the
form
q2
r4
=
4A2r2
[
(1 + χ)2 (5 +Ar2) + α2 (7− 15Ar2 − 2A2r4) + 2α(1 + χ) (−6 + 7Ar2 +A2r4)]
7(1 +Ar2)3 (1 + χ+ αAr2)2
(49)
The above expression of electric charge involves two
free parameters α and χ which will generate a class of
charged isotropic solution for f(R, T ) gravity system.
Form above Eq.(49), It is obvious that the electric charge
is zero at centre r = 0 which shows that q is free from
singularity at r = 0. It is interesting that the electric
charge vanishes throughout within the compact stellar
object for χ = 0 and α = 1 and gives a Durgapal-Fluria
[110] perfect fluid solution for the compact object in
General relativity. On the other hand, if α = 1, then the
6presence of electric charge inside the matter distribution
is only due to coupling parameter χ present in the
system. The other details of the electric charge function
q are given in Sec. VI.
After plugging the gravitational potential ξ and and
electric charge function q
2
r4 from Eqs.(48) and (49) with
the transformation ν = 2 lnY into Eq.(47) we get,
Y ′′− (−7− 21Ar
2 + 19A2r4 +A3r6)
r (1 +Ar2)(−7 + 10Ar2 +A2r4) Y
′−8αA
2 r3
[− 4(1 + χ) (−3 + cr2) + α (−7 + 15Ar2 + 7A2r4 +A3r6)]
r(1 +Ar2)(1 + χ+ αr2)2 (−7 + 10Ar2 +A2r4) Y = 0
(50)
It is note that the value Y = (1+χ+αAr2)2 satisfy the
above differential Eq.(50) which implies that this value of
Y represents a particular solution of Eq.(50). Then most
general solution of Eq.(50) is given (using the change of
dependent variable method) as,
Y (r) = Yp(r)
[
C +D
(
Y1(r)
[
Y2(r) + Y3(r)
]
3 (gχα)3 (1 + χ+ αAr2)3
+
4 fαχ(
gχα
)7/2 ln
[
α (gχα)
3
[
Y4(r) + χAr
2√gχα Y1(r)
]
2
√
gχα fαχ (1 + χ+ αAr2)
])]
, (51)
where C and D are arbitrary constant of integration and expression of the used coefficients are as follows:
Yp(r) = (1 + χ+ αAr
2)2, Y1(r) =
√
7− 10Ar2 −A2r4, gχα = 7α2 + 10α(1 + χ)− (1 + χ)2,
Y2(r) = 3(1 + χ)
5 + 3α(1 + χ)4(−8 +Ar2) + α2(1 + χ)3(185 + 4Ar2 +A2r4),
Y3(r) = a
3(1 + χ)2(−535 + 142Ar2 + 7A2r4) + 3a4(1 + χ)(−84− 316Ar2 + 21A2r4)− α5(49 + 161Ar2 + 359A2r4),
Y4(r) = [5 + 5χ+ a(7− 5Ar2) +Ar2], fαχ =
[
163α3 − 37α2(1 + χ) + a(1 + χ)2 + (1 + χ)3].
By plugging the value of ξ, q and ν = 2 lnY from Eqs. (48), (49) and (51) into Eqs.(39) and (40) we find the
pressure (p˜) and ρ˜ in f(R, T ) gravity as
p˜ =
4AY1(r)
[
D (1 +Ar2) + 2αY (r)Yp(r)
√
Yp(r) Y1(r)
]
56pi (1 +Ar2)2 (1 + χ+ αAr2)2 Y (r)
− 8A(1 +Ar
2)(3 +Ar2)
56pi(1 +Ar2)3
+
4A2r2[Y5(r) + Y6(r)]
56pi(1 +Ar2)3 Yp(r)
, (52)
ρ˜ =
4A
[
4(3−AR2) + 2(1 +Ar2)(3 +Ar2)(1 + χ+ αAR2)2 +Ar2(Y5(R) + Y6(R)) ]
56 pi(1 +Ar2)3 (1 + χ+ αAR2)2
, (53)
where, Y5(r) = (1 + χ)
2(5 +Ar2) + α2(7− 15Ar2 − 2A2r4), Y6(r) = 2α(1 + χ)(−6 + 7Ar2 +A2r4).
B. Solution of field Equations (43) - (45) for the
source function θµν :
In order to determine the components of θµν we need
to solve the field equations (43) - (45). For this pur-
pose we choose the unknown deformation function f(r)
to construct a physical viable anisotropic model as,
f(r) =
Ar2
7 (1 +Ar2)2
(54)
By inserting the value of above expression of f(r) into
the equations (43) - (45) we obtain expressions for the
θ00 , θ
1
1 and θ
2
2 as
θ00 =
A(−3 +Ar2)
56 pi (1 +Ar2)3
, (55)
θ11 =
−A
56 pi (1 +Ar2)
[
1 +
8αAr2√
Yp(r)
+
4D(1 + Ar2)Ar2
Y (r)Yp(r)Y1(r)
]
,(56)
θ22 =
−4A2r2
56 pi(1 +Ar2)2
[
Y¯ (r)
Y (r)
Y7(r) +
2αAr2 Y8(r)
(1 +Ar2)Yp(r)Y 21 (r)
]
− A (1−Ar
2)
56pi (1 +Ar2)3
[
2Ar2
Y¯ (r)
Y (r)
+ 1
]
.(57)
where,
Y¯ (r) =
[
2αY√
Yp(r)
+ D (1+Ar
2)
Yp(r)Y1(r)
]
,
7Y7(r) =
[
1 + 4Ar
2 (Ar2−3)
(1+Ar2)(A2r4+10Ar2−7)
]
,
Y8(r) = 4 (A
2r4−2Ar2−3)−α (A3r6+7A2r4+15Ar2−7).
C. General solution of Einstein-Maxwell field
equations for Minimal Geometric Deformation
(MGD) decoupling source θµν :
The complete solution of Einstein-Maxwell field equa-
tions for MGD decoupling source θµν is given as,
ds2 = Y 2 dt2 −
[
7− (10− α)Ar2 −A2 r4
7 + 14Ar2 + 7A2 r4
]−1
dr2
−r2(dθ2 + sin2 θ dφ2).(58)
where Y is given by Eq.(51). Now the effective den-
sity (ρeff ), effective radial pressure (peffr ) and effective
tangential pressure (pefft ) can be determined by using
Eqs.(31-33) and (55-57) as
ρeff = ρ˜+
β A(−3 +Ar2)2
56 pi (1 +Ar2)3
, (59)
peffr = p˜+
Aβ
56 pi
[√
Yp(r) + 8αAr
2√
Yp(r) (1 +Ar2)
+
4DAr2
Y (r)Yp(r)Y1(r)
]
, (60)
pefft = p˜−
A (1 −Ar2)
56pi (1 +Ar2)3
[
2Ar2 Y¯ (r) + Y (r)
Y (r)
]
+
4 β A2r2
56 pi ζ(r)
[
Y¯ (r)Y7(r)
Y (r)
+
2αAr2 Y8(r)
(1 +Ar2)Yp(r)Y 21 (r)
]
. (61)
where ρ˜ and p˜ are given in Eqs. (52)-(53) and
ζ(r) = (1 +Ar2)2.
V. MATCHING CONDITIONS
In the study of stellar interiors a crucial and impor-
tant point is joint the interior space time geometry with
the exterior in a smooth way. To so do, we will em-
ploy the well known Israel-Darmois junction conditions
[111, 112]. These condition require the continuity of the
metric potentials across the surface Σ (defined by r = R)[
ds2
]
Σ
= 0, (62)
or equivalently
eν
−(r)|r=R = eν
+(r)|r=R, (63)
eλ
−(r)|r=R = eλ
+(r)|r=R. (64)
The above expressions are known as the first fundamental
form. On the other hand, a vanishing radial pressure at
the boundary of the star is required,
pr(r)|r=R = 0⇒ peffr (r)|r=R = 0. (65)
This condition determines the size of the compact object
i.e the radius R and it is known as the second fundamen-
tal form. An important point to note here is that these
conditions work very well in the context of GR, where
the matter distribution remains confined within the com-
pact structure and depending on the ingredients that
this material content has, the joint is made with the ex-
ternal Schwarzschild solution (empty outside), Reissner-
Nordstro¨m solution (outside with electric charge), etc.
Furthermore, in the present case of f(R, T ) gravity, the
modifications introduced by T can change slightly or to-
tally the above junction conditions given by (63), (64)
and (65). However, the choice of the model f(R, T ) and
the Lagrangian density Lm given by (3) ensure that the
material content is confined inside the star, so it means
T = 0 beyond the stellar model. This implies that the
junction conditions described above can be applied here.
Moreover, since the model contains a charge, the con-
tinuity of the electric charge q(r) on the surface of the
object must be added to the first fundamental form.
q(r)|r=R = Q, (66)
where Q is total object charge. On the other hand, if
the electric charge is continuous function of the radial
coordinates across the boundary also the electric field
E(r) is. Then, the Riemannian exterior manifold can be
described by the well known Reissner-Nordstro¨m space
time as follows
ds2 =
(
1− 2M
r
+
q2
r2
)
dt2 −
(
1− 2M
r
+
q2
r2
)−1
dr2
−r2 (dθ2 + sin2 θdφ2) .
(67)
So the explicit expression for the first fundamental form
as given by
7− (10− β)Ar2 −A2 r4
7 + 14Ar2 + 7A2 r4
=
(
1− 2M
R
+
Q2
R2
)
, (68)
Y 2(R) =
(
1− 2M
R
+
Q2
R2
)
. (69)
where the charge continuity was considered in the elec-
tric field continuity. Here the parameterM represents the
total mass containing within the star. Solving the sec-
ond fundamental form given by (65) and the equations
obtained from the first fundamental form expressed by
(68)-(69) one arrives at the following system of equations
for the constant parameters C, D and M
8C
D
= − F (R)Yp(R)
[
7α2 Y 21 (R) + (1 + χ)F3(R)− α
(√
gχα Y1(R) (−7 + 5AR2)− 10(1 + χ)Y 21 (R)
) ]
Y1(R)
[
(7α2 + 10α(1 + χ)− (1 + χ)2)AR2 +√gχα
(
7α− 5αAR2 + (1 + χ)(5 +AR2))]Yp(R)
− 4(1 +AR
22)2[−7 + (10− β)AR2 +A2R4][
F1(R) + F2(R)
]
Y1(R)Yp(R)
, (70)
D =
1
Yp(R)
[
C
D + F (R)
]
√
7− (10− β)AR2 −A2R4
7 + 14AR2 + 7A2R4
, (71)
M =
R
2
[
AR2(24− β + 8AR2)
7 (1 +AR2)2
+
4A2R2
[
(1 + χ)2 (5 +AR2) + α2 (7− 15AR2 − 2A2R4) + 2α(1 + χ)M1(R)
]
7(1 +AR2)3 (1 + χ+ αAR2)2
]
. (72)
where,
Yp(R) = (1 + χ+ αAR
2)2, Y1(R) =
√
7− 10AR2 −A2R4, M1(R) = (−6 + 7AR2 +A2R4)
Y2(R) = 3(1 + χ)
5 + 3α(1 + χ)4(−8 +AR2) + α2(1 + χ)3(185 + 4AR2 +A2R4),
Y3(R) = a
3(1+χ)2(−535+142AR2+7A2R4)+3a4(1+χ)(−84− 316AR2+21A2R4)−α5(49+161AR2+359A2R4),
Y4(R) = [5+5χ+ a(7− 5AR2)+AR2], F (R) = Y1(R)
[
Y2(R)+Y3(R)
]
3 (gχα)3 (1+χ+αAR2)3
+
4 fαχ(
gχα
)7/2 ln
[
α (gχα)
3 [Y4(R)+χAR2
√
gχα Y1(R)]
2
√
gχα fαχ (1+χ+αAR2)
]
,
F1(R) = α
2AR2
[− 84 + 9(12− β)AR2 + (128− 9β)A2R4 + 16A2R3]− (1 + χ)2[β(1 +AR2)− 4(6 + 3AR2 +A2R4)],
F2(R) = 2a(1 + χ) [−28− 5(−12 + β)AR2 + (48− 5β)A2R4 + 8A3R6],
F3(R) = Y1(R)
[
(7α2 + 10α(1 + χ)− (1 + χ)2)AR2 +√gχα
(
7α− 5αAR2 + (1 + χ)(5 +AR2))]Yp(R).
This system of equations contains all the necessary infor-
mation to find the constant and physical parameters of
the present model.
VI. MAIN SALIENT FEATURES
In this section we presented the main physical quan-
tities that characterize the system. These quantities
are the effective matter density ρeff , the effective radial
peffr and tangential p
eff
t pressure, electric field E and
anisotropy factor ∆. It is well known that in the study of
charged anisotropic compact structures all the quantities
mentioned above must satisfy some general requirements
in order to describe a well behaved stellar interior. These
general conditions are
• Non physical and mathematical singularities at ev-
ery point within the object exists.
• All the thermodynamic observables such as ρeff ,
peffr and p
eff
t must have their maximum values at
the center of the configuration which implies that
they are monotonic decreasing function with in-
creasing radial coordinate towards the boundary of
the star.
• Respect to the anisotropy factor ∆, it must be zero
at the center, this is so because at the center of
the star peffr = p
eff
t . On the other hand its values
should be positive towards the surface (in the case
of repulsive anisotropic force).
• The electric field E must attains its maximum value
at the surface and must be completely null at the
center.
The detailed behaviour of these quantities is shown in
Figs. 1, 2, 3, 4 and 5. In these plots one can see that
all the physical quantities that describe the system ful-
fill the general requirements. Some comments regarding
the physical and mathematical behaviour of these observ-
ables are given below
• Figs. 1 and 1 exhibit the behaviour of the effec-
tive radial peffr and tangential p
eff
t pressure respec-
tively. Both quantities have their maximum values
at the center and decrease monotonically towards
the boundary with increasing radius. It is observed
that peffr is vanished at the surface, this fact de-
termines the object size ı.e the radius of the star.
Furthermore, the value of χ has a preponderant ef-
fect on both pressures, as we can see varying χ from
−0.2 to 0.4 setting β = 0.1 the upper value of peffr
and pefft increases with increasing χ.
• Fig.3 displays the effective density ρeff behaviour.
This quantity has its maximum values at the cen-
ter of the star and decreases monotonically towards
9the boundary. Furthermore, is positive defined ev-
erywhere within the object.
• Fig. 4 shows the behaviour of anisotropy factor ∆
everywhere inside the star. At the center of the
star ∆ = 0, in effect at the center peffr = p
eff
t .
Moreover, as β increase ∆ grow up. Additionally,
the anisotropy factor is positive ∆ > 0, it means
that pefft > p
eff
r and therefore one has a more
compact and massive structures. In this case, the
system experiences a repulsive force that counter-
acts the gravitational gradient improving the equi-
librium condition and stability.
• Fig. 5 displays the squared electric field behaviour.
For fixed values of β = 0.1 and α = 1.177, The
squared electric field E2 gradually decreases when
move χ = −0.2 to χ = 0.4. It is remarkable that E2
have negative values within the stellar model when
0.154 < χ < 0.643 whilst at surface of stellar model
remains positive for all values of χ and completely
null at the center.
VII. DYNAMICAL EQUILIBRIUM AND
STABILITY CONDITION
A. Modified Tolman-Oppenheimer-Volkoff (TOV)
equation under Minimal Geometric Deformation
(MGD) decoupling source θµν in the framework of
f (R,T ) theory gravity
In this section we consider the modified TOV [113,
114] equation in the framework of f (R, T ) gravity the-
ory for Minimal Geometric Deformation (MGD) decou-
pling source θµν to perform the equilibrium analysis of
the model. It is well known that TOV equation come
from the conservation of the energy-momentum tensor
(Bianchi’s identity) ı.e
∇µTµν = 0. (73)
As we explained before the election of the function
f (R, T ) and Lagrangian matter Lm lead us to the con-
servation of the effective energy-momentum tensor (22)
which finally is expressed as follows
∇µT effµν = 0. (74)
Explicitly,
−(p˜− β θ11)′ − ν′2 (ρ˜+ p˜+ β θ00 − β θ11) + 2 q q
′
8 pi r4
−2 β
r
(
θ22 − θ11
)
= 0. (75)
As we can see, equation (79) reflexes that the system is
under four forces
Effective hydrostatic force : F effh =
(dp˜
dr
− β dθ
1
1
dr
)
, (76)
Effective gravitational force : F effg = −
ν′
2
(ρ˜+ p˜+ β θ00
− β θ11), (77)
Effective electric force : F effe =
2 q q′
8 pi r4
(78)
Effective anisotropic force : F effa = −
2 β
r
(
θ22 − θ11
)
. (79)
Therefore, these forces establish the equilibrium of the
system. The behavior of these forces is strongly linked
to the values taken by the constants β, α and χ. From
Fig. 6 we can see how the equilibrium of the system is
reached under these different forces. So, we can highlight
several points according to the different values assigned
to the parameters β, α and χ in Fig. 6
• Left panel: In this plot, α and β parameters take
values 1.177 and 0.1 respectively, while χ parameter
takes values from −0.2 to 0.4. It is noteworthy the
effect of χ parameter has on the behavior of hydro-
static, electric and gravitational forces. As we can
see, when χ increases the hydrostatic and gravita-
tional forces (in negative direction) increase but the
electric one decreases. Although the electric force
decreases when χ increases, the increment of the
hydrostatic force in this direction helps to main-
tain the equilibrium of the system (the same hap-
pens when χ decreases, in this case the electric force
increases and the hydrostatic force decreases), this
means that there is a complement between the be-
havior of both forces to counteract the gravitational
gradient. On the other hand, the anisotropic force,
despite being very small in comparison to the other
forces, is repulsive in nature since ∆ > 0, which
helps to counterbalance the gravitational force to-
gether with the hydrostatic and electric forces.
• Right panel: In distinction with the left panel here
χ and α are fixed to 0.2 and 1.177 respectively,
till β varies from 0.05 to 0.2. In this case both
the anisotropic and the electric forces are small in
comparison with the hydrostatic and gravitational
ones. This time, the gravitational and hydrostatic
gradients decrease in a proportional way when β
decreases (both gradients increase otherwise). Nev-
ertheless, the system remains in equilibrium.
According to the previous discussion, it is clear what is
the response of the different forces to which the compact
object is subjected to remain in equilibrium, under the
different values that take the coupling constants α, β and
χ.
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FIG. 1. Behavior of effective radial pressure peffr ves. radial
coordinates (r/R).
B. Measure of stability for the stellar compact
objects via cracking
Once the equilibrium of the system has been analyzed a
question arises, Is this equilibrium stable or not?. In this
case we need to investigate if the perturbation introduced
by the anisotropic source θµν yields to the system a sta-
ble equilibrium. To do so, we use Abreu’s criteria based
on Herrera’s cracking concept [115]. Basically, this crite-
rion studies the stability of compact objects through the
subliminal radial and tangential sound speeds, it means
− 1 ≤ v2t − v2r ≤ 1 ={ −1 ≤ v2t − v2r ≤ 0 Potentially stable
0 < v2t − v2r ≤ 1 Potentially unstable
}
,(80)
obviously this treatment needs that both, the radial and
tangential subliminal sound speeds within the star fulfill
causality condition ı.e v2r < 1 and v
2
t < 1 (assuming the
speed of light c = 1 in relativistic geometrized units).
Of course, this model satisfies causality condition in the
radial and tangential directions, as shows Fig. 7, where
it is observed that for negative values of χ both velocities
are increasing in nature (specifically the increasing nature
start at χ ≤ 0.097) and as the value of χ increases, both
are decreasing functions with their maximum values at
the center of the compact configuration. On the other
hand, Fig. 8 shows that the system is completely stable
according to eq. (80).
VIII. COMPACTNESS FACTOR AND SURFACE
REDSHIFT
In the study of compact objects is very important de-
termine bounds on the mass and radius of stellar struc-
tures. The well known Buchdahl’s [116] limit establishes
that if we have a spherically symmetric static perfect fluid
solution to Einstein’s field equations, whose energy den-
sity is non increasing outwards, then the bound is given
FIG. 2. Behavior of effective tangential pressure pefft ves.
radial coordinates (r/R).
FIG. 3. Behavior of effective density ρeff ves. radial coordi-
nates (r/R).
by
2M
R
≤ 8
9
, (81)
where M is the mass of the fluid and R the radius in
Schwarzschild coordinates, defined by the location of the
the vanishing pressure surface. Eq. (81) has important
implications, for example it tells us that the surface red-
shift is bounded and that the boundary of a star occurs
just after the apparent horizon in the Schwarzschild met-
ric at r = 2M . However, compact objects concerning
charged anisotropic fluid distribution have a more gen-
eral bound on the the mass-radius ratio (u =M/R com-
pactness factor). In this case one has a lower [117] and
upper [118] bounds
Q2
(
18R2 +Q2
)
2R2 (12R2 +Q2)
≤ M
R
≤ 4R
2 + 3Q2 + 2R
√
R2 + 3Q2
9R2
.
(82)
Tables V, VI and VII shown the lower and the upper
bound for LMC X-4 considering different values of the
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TABLE I. Physical values of compact stellar models for χ = 0.2, α = 1.177, β = 0.1.
Compact star Mass Radius Surface redshift Mass-radius ratio AR2
Models M/M⊙ R(Km) (Zs)
M
R
EXO 1785-248 ( O¨zel et al. [119]) 1.3 10.5 0.25513 0.18262 0.1311
SMC X-1(Rawls et al. [120]) 1.04 9.34 0.22031 0.16424 0.11521
SAX J1808.4-3658 (SS2)(Li et al. [121]) 1.3237 6.7 0.54739 0.29141 0.24404
Her X-1 (Abubekerov et al.) [122] 0.85 8.1 0.20348 0.15478 0.10732
4U 1538-52 (Rawls et al. [120]) 0.87 7.866 0.21833 0.16314 0.11429
LMC X-4(Rawls et al. [120]) 1.29 10.55 0.25067 0.18036 0.1291
SAX J1808.4-3658 (Elebert et al. [123]) 0.9 9.5 0.17810 0.13974 0.09515
Cen X-3(Rawls et al. [120]) 1.49 10.8 0.298517 0.2035 0.15011
a In this table I, we have obtained the radius, surface redshift and Mass-radius ratio of the different compact stars for observed mass for
χ = 0.2, α = 1.177 and β = 0.1. We have note that the surface redshift is increasing with Mass-radius ratio.
TABLE II. Comparative study of physical values of compact star LMC X-4 for different values of AR2 = 0.1291, Mass = 1.29M⊙,
α = 1.177, β = 0.1.
χ Radius surface redshift Mass-radius ratio central pressure central density surface density
R(Km) (Zs)
M
R
(pr)
eff
c ρ
eff
c ρ
eff
s
-0.2 10.40699 0.25067 0.182846 7.8993 × 1034 6.45755 × 1014 4.62303 × 1014
0.0 10.5308 0.25067 0.18069 7.43621 × 1034 6.40323 × 1014 4.58222 × 1014
0.2 10.55 0.25067 0.180354 7.75147 × 1034 6.37989 × 1014 4.56879 × 1014
0.4 10.52854 0.25067 0.18073 7.71566 × 1034 6.405974 × 1014 4.58383 × 1014
b In table II, we have calculated the radius (R), mass-radius(M/R) relation, effective central density (ρeffc ) and effective surface density
(ρeffs ), effective central pressure (p
eff
c ) for different values of χ for the star LMC X-4 with fixed values of χ = 0.2 and α = 1.177. We
note that R, M/R, ρeffc , ρ
eff
s and p
eff
c increases from χ = −0.2 to χ ≈ 0.19 and then they start decreasing after χ ≈ 0.19.
TABLE III. Comparative study of physical values of the compact star LMC X-4 for AR2 = 0.1291 and Mass = 1.29M⊙,
χ = 0.2, α = 1.177.
β Radius Surface redshift Mass-radius ratio central pressure central density surface density
R(Km) (Z) M
R
(pr)
eff
c ρ
eff
c ρ
eff
s
0.05 10.52939 0.25138 0.18071 7.82468 × 1034 6.41834 × 1014 4.59564 × 1014
0.10 10.55 0.25067 0.18035 7.75147 × 1034 6.37989 × 1014 4.56879 × 1014
0.20 10.59259 0.24926 0.17963 7.60557 × 1034 6.30225 × 1014 4.51456 × 1014
c In table III, we have calculated the radius, mass-radius relation, redshift, effective central and surface density, effective central pressure
for different values of coupling constant β for the star LMC X-4 with fixed values of χ = 0.2 and α = 1.177. We have note that
predicted radius increases when the coupling constant β move from 0.05 to 0.2 while the surface redshift, mass-radius ratio, effective
central and surface density, effective central pressure have an opposite behavior as these physical parameters decreases when β
increases from 0.05 to 0.2.
TABLE IV. Comparative study of the compact star LMC X-4 for AR2 = 0.1291 and Mass = 1.29M⊙, χ = 0.2, β = 0.1.
α Radius Surface redshift Mass-radius ratio central pressure central density surface density
R(Km) (Zs)
M
R
(pr)
eff
c ρ
eff
c ρ
eff
s
1.000 10.52618 0.25067 0.18077 7.70797 × 1034 6.40885 × 1014 4.58555 × 1014
1.177 10.55 0.25067 0.18035 7.75147 × 1034 6.37989 × 1014 4.56879 × 1014
1.400 10.53261 0.25067 0.18065 7.46387 × 1034 6.40101 × 1014 4.56879 × 1014
d In table IV, we have calculated the radius, mass-radius relation, redshift, effective central and surface density, effective central pressure
for different values of constant α for the star LMC X-4 with fixed values of χ = 0.2 and β = 0.1. We have note that predicted radius
having same behavior like Table II. It is note that when α = 1 then the electric charge will purely depends on constant χ which implies
that this charged isotropic solution reduce into isotropic perfect fluid solution in GR when χ = 0.
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FIG. 4. Behavior of effective anisotropy ∆eff ves. radial
coordinates (r/R).
FIG. 5. Behavior of effective electric field E2 ves. radial
coordinates (r/R).
TABLE V. Comparative study of lower bound, upper bound
and compactness (u = Meff/R) of the star for α = 1.177,
β = 0.1 with different values of χ.
Lower bound Compactness Upper bound
χ Q
2 (18R2+Q2)
2R2 (12R2+Q2)
Meff
R
4R2+3Q2+2R
√
R2+3Q2
9R2
-0.2 3.7509×10−3 0.180345 0.66999
0.0 5.2381×10−4 0.180345 0.66713
0.2 1.4637×10−5 0.180345 0.66668
0.4 5.7899×10−4 0.180345 0.66718
TABLE VI. Comparative study of lower bound, upper bound
and compactness (u = Meff/R) of the star for α = 1.177,
χ = 0.2 with different values of β.
Lower bound Compactness Upper bound
χ Q
2 (18R2+Q2)
2R2 (12R2+Q2)
Meff
R
4R2+3Q2+2R
√
R2+3Q2
9R2
0.05 1.46375×10−5 0.18071 0.66668
0.1 1.4637×10−5 0.180345 0.66668
0.2 1.46375×10−5 0.17962 0.66668
TABLE VII. Comparative study of lower bound, upper bound
and compactness (u = Meff/R) of the star for β = 0.1, χ =
0.2 with different values of α.
Lower bound Compactness Upper bound
χ Q
2 (18R2+Q2)
2R2 (12R2+Q2)
Meff
R
4R2+3Q2+2R
√
R2+3Q2
9R2
1.0 6.31888 ×10−4 0.180345 0.66723
1.177 1.46375×10−5 0.180345 0.66668
1.4 4.61906×10−4 0.17962 0.66708
couplings α, β and χ. As we can see Buchdahl’s con-
straint (Meff/R = 0.444¯) is less than the upper limit,
this is so because the effective mass Meff has a contri-
bution of the electric field E2
Meff = 4pi
∫ R
0
(
ρeff (r) +
E2(r)
8pi
)
r2dr =
R
2
[
1− e−λ(R)
]
,
(83)
Then the production of Meff in structures containing
electric contribution is greater than its uncharged coun-
terpart. As was pointed out before the mass-radius ratio
is related with an important quantity ı.e the surface red-
shift Zs. It can be calculated as
Zs = e
λ/2 − 1 = (1− 2u)−1/2 − 1. (84)
In the case of isotropic matter distribution the maximum
value that Zs can reaches is Zs = 2, which is in complete
agreement with the Buchdahl’s limit u = M/R ≤ 4/9.
Then from Eq.(84), we observed that the surface red-
shift of star cannot be arbitrary large due to Buchdahl’s
limit. Nevertheless, when anisotropies exist in the matter
content the above limit can be exceeded. In this direc-
tion Ivanov [55] shown that for a realistic anisotropic star
models the upper bound of Zs is 5.211 (this value cor-
responds to a model without cosmological constant) and
can not be overcome. As eq. (84) shows Zs depends on
the eλ metric potential. Tables I, II, III and IV shown dif-
ferent values of Zs for different values of the parameters
α, β and χ. Notwithstanding, tables II and IV display
the same Zs for the same star for different values of χ and
α respectively, while table III shows different values of Zs
varying the β parameter. Of course, eλ does not depend
neither χ or α only depends on β, then variation on β
introduces a modification on eλ and in consequence on
surface redshift Zs. This implies that gravitational de-
coupling parameter β affects on surface redshift as well
as on compactness factorMeff/R of the compact object.
IX. ENERGY CONDITIONS
Independent of the framework used to study collapsed
structures, one of the most important thing concern a
positive and well defined energy-momentum tensor every-
where inside the star. To check the above requirements
the matter content must satisfies the following inequali-
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FIG. 6. Behavior of different effective forces ves. radial coordinates (r/R). For plotting of thid Fig. we have employed the
following set of values: For 1st (left panel) graph: χ = −0.2, α = 1.177, β = 0.1 (red lines), χ = 0.0, α = 1.177, β = 0.1
(green lines), χ = 0.2, α = 1.177, β = 0.1 (yellow lines), χ = 0.4, α = 1.177, β = 0.1 (black lines), For 2nd (right panel) graph:
χ = 0.2, α = 1.177, β = 0.05 (black lines), χ = 0.2, α = 1.177, β = 0.2 (red and green lines).
FIG. 7. Behavior of effective square radial velocity (v2r )
eff
and effective square tangential velocity (v2t )
eff ves. radial
coordinates (r/R).
FIG. 8. Behavior of difference of effective square radial ve-
locities (v2r)
eff − (v2r)eff and (v2t )eff − (v2r )eff ves. radial
coordinates (r/R).
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FIG. 9. Behavior of energy conditions ves. radial coordinates (r/R).
ties simultaneously
NEC : ρeff + peffr ≥ 0 (85)
WEC : ρeff + q
2
8pi r4 ≥ 0, ρeff + peffr ≥ 0, ρeff + pefft + q
2
4pi r4 ≥ 0,(86)
SEC : ρeff + peffr ≥ 0, ρeff + peffr + 2 pefft + q
2
4pi r4 ≥ 0,(87)
DEC : ρeff + q
2
8pi r4 ≥ 0, ρeff − peffr + q
2
4pi r4 ≥ 0, ρeff − pefft ≥ 0,(88)
TEC : ρeff − peffr − 2pefft ≥ 0. (89)
These inequalities are known as energy conditions, where
NEC means null energy condition, WEC weak energy
condition, SEC strong energy condition, DEC dominant
energy condition and TEC trace energy condition. It is
worth mentioning that WEC and SEC include NEC and
DEC contains WEC. From Fig. 9 it is observed that all
inequalities are satisfied for different values of β and χ.
Moreover, the fact that the energy conditions are sat-
isfied prevents non-physical properties, such as energy
propagating faster than the speed of light, negative mat-
ter density or empty space spontaneously decaying into
compensating regions of positive and negative energy.
X. CONCLUDING REMARKS
In the present paper we have investigated the nature
of charged anisotropic fluid spheres within the framework
of f(R, T ) = R gravity theory. This work can be divided
in three principal ingredients
• Due to the fact that any perfect fluid solution
to Einstein gravity theory satisfies also the same
condition in f(R, T ) = R gravity (Eq. (47)),
we have extended the isotropic Durgapal-Fuloria
model within modified gravity theories. Moreover,
this fact is completely independent of the choice
made about the f(R, T ) = R function and the La-
grangian density Lm. In this opportunity we have
taken f(R, T ) = R+ 2χT , where R and T are the
Ricci scalar and the trace of energy-momentum ten-
sor respectively, and χ is a dimensionless parame-
ter. Furthermore, the versatility of the previous
election on f(R, T ) has been tested several times
in the study of compact structures.
• The second main point of this paper, concerns
the inclusion of electric properties on the f(R, T )
Durgapal-Fuloria solution. This ingredient is char-
acterized by two constant parameters χ and α.
• Finally, the third principal feature is the extension
of gravitational decoupling by minimal geometric
deformation (MGD) approach in the arena of f
(R,T ) gravity theory. This extension was plausible
due two facts i) Bianchi’s identities are satisfied and
ii) is possible to do gravitational decoupling. As
has been studied extensively in the literature, this
method allows the extension of isotropic fluid solu-
tion to anisotropic domains. The anisotropic sec-
tor comes from adding an extra source θµν through
a dimensionless coupling constant β. Of course,
the presence of anisotropic matter distributions de-
scribe a more realistic scenario from the astrophys-
ical point of view and also introduce many inter-
esting and intriguing features that enhance equilib-
rium and stability mechanics in the stellar interior.
The charged anisotropic Durgapal-Fuloria model devel-
oped in this work, describes very well the physical and
mathematical behaviour of compact structures like neu-
tron or quark stars. As shown the main salient prop-
erties that characterize the model satisfy all the general
requirements to ensure a well behaved system. These
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general requirements refer to
• All the effective thermodynamic observables, ı.e
matter density ρeff , radial pressure peffr and tan-
gential pressure pefft are monotonic decreasing
function with increasing radius, positive defined
and finite, free from mathematical singularities and
with their maximum values attained at the center
of the star.
• Vanished anisotropy factor ∆ at the center, pos-
itive defined and increasing function towards the
surface (in the case pefft > p
eff
r ). Respect to the
electric intensity E2, it must be null at the center
and increasing function of the radial coordinate.
• Positive defined and well behaved energy-
momentum tensor. It is checked studying energy
conditions inside the star.
• Preservation of causality, ı.e both the radial and
tangential subliminal sound speeds within the star
must be lees than the speed of light (causality con-
dition also can be checked by means of weak energy
condition).
• Stable system under the presence of extra ingre-
dients such as radial perturbations in the matter
content due to the presence of anisotropies. This
fact is investigated using for example Abreu’s crite-
rion (as in our case). This determines whether the
equilibrium is stable or not. Furthermore, equi-
librium analysis is performed applying TOV equa-
tion. TOV equation allows the study under dif-
ferent forces that act on the star, in this case the
star is under four different forces, the hydrostatic
Fh, electric Fe, anisotropic Fa and gravitational Fg.
The first three forces counteract the gravitational
one, allowing a more stable, compact and massive
system.
All the criteria described above can be observed in Figs.
1, 2, 3, 4, 5, 6, 7, 8 and 9. On the other hand, to ob-
tain the complete set of physical quantities and physical
parameters of the system, one needs to ensure a smooth
joining between the interior geometry and the exterior
space-time. It is worth mentioning that beyond the star
all the matter content is null, then the appropriate exte-
rior space-time is the Reissner-Nordstro¨m one. The com-
plete data obtained is shown in tables I, II, III and IV.
Table I exhibits the predicted radius, the surface redshift
and the mass-radius ratio for different strange star can-
didates. The range 6.7 < R < 10.8 of the predicted ra-
dius for these stars, is in complete agreement with many
investigations on compact objects reported in the litera-
ture. The redshift values are the corresponding ones for
compact object containing anisotropic matter distribu-
tion. As was pointed out by Ivanov [55], in presence of
anisotropies the maximum surface redshift is Zs < 5.211,
it is clear that our model satisfies the above constraint.
On the other hand, in the case of anisotropic charged
spheres the mass-radius ratio is more general than its
isotropic counterpart (Buchdahl’s limit [116]). In this
direction Andreasson [117] established the lower limit
and the upper bound was given by Bohmer and Harko
[118]. So, the mass-radius ratio (compactness factor) val-
ues obtained are within the range established in the men-
tioned works. Furthermore, tables V, VI and VII contain
the lower and upper values of the mass-radius ratio, as
we can see the upper bound beats maximum Buchdahl’s
constraint. In tables II, III and IV, it can be appreci-
ated the effect of the different parameters introduced by
f(R, T ) theory, mathematical solution procedure to ob-
tain the eν(r) metric potential and gravitational decou-
pling ı.e χ, α and β respectively, on the the star LMC
X-4 (M⊙=1.29). These effects can be summarized as
follows
• Table II: Fixing α and β to 1.177 and 0.1 respec-
tively and varying χ from −0.2 to 0.4, the radius
increases progressively, the central pressure, central
density and surface density decrease progressively.
In conclusion, taking smaller values of χ the object
becomes more compact, dense and massive. Re-
garding the behaviour of the surface redshift, it re-
mains the same. Since it depends on the ξ metric
potential, and if β is not varying then ξ does not
change, then the surface redshift is not altered.
• Table III: Fixing α and χ to 1.177 and 0.2 respec-
tively and varying β from 0.05 to 0.20, we can see
that all the physical parameters such as the the sur-
face redshift, central pressure, central density, sur-
face density and compactness factor decrease when
β increases In distinction with what happens with
the radius, which increases progressively when β
increases. It means, that the β parameter intro-
duced by gravitational decoupling method to in-
cludes the anisotropic behaviour of the matter dis-
tribution has a great influence on many physical
parameters of the star.
• Table IV: Fixing χ and β to 0.2 and 0.1 respectively
and varying α from 1.000 to 1.400, It is observed
that the physical parameters have the same behav-
ior as shown in table II.
In brief, it is noted that taking small values for α, β and
χ one obtains more compact objects.
At this point we can highlight the similarities and dif-
ferences between GR and f(R, T ) = R theories. As was
pointed out early in both theories the isotropic condition
is the same, it means that under certain conditions (it
will be clear early) any solution (uncharged isotropic or
charged isotropic) that satisfies f(R, T ) = R field equa-
tions also satisfies Einstein’s field equations. Although
f(R, T ) = R theory was developed in the cosmologi-
cal context, research on the existence of compact objects
within this theory shows great success such as in GR.
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The inclusion of modifications in the geometric and mat-
ter sector opens the door to study more complex struc-
tures that can give answers to the limitations presented
by GR. However, despite being an alternative to GR, in
the limit χ → 0 all the results predicted by GR must
be recovered. In this case, if we set χ = 0 it is clear
that Eq. (20) becomes f(R, T ) = R, so from Eq. (21)
charged anisotropic Einstein-Maxwell field equations are
obtained. On the other hand, if we set χ = 0 and β = 0
charged isotropic solution is acquired. Furthermore, set-
ting χ = 0 and α = 1 anisotropic Durgapal-Fuloria model
is obtained in the arena of GR. Finally, if we set χ = 0,
β = 0 and α = 1 original Durgapal-Fuloria model is re-
covered.
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